We study the peak-energy (E p ) distribution of the νF ν spectrum of gamma-ray bursts (GRBs) and X-ray flashes (XRFs) with a sample of 37 bursts observed by HETE-2/FREGATE, and discuss its implications for the jet structure models. Combining the observed E p distribution of HETE-2 GRBs/XRFs with that for BATSE GRBs, we find that the observed E p distribution for GRBs/XRFs is a bimodal one peaking at ∼ 25 keV and 320 keV for XRFs and GRBs, respectively. We propose that a two-component jet model can interpret this property. A simple simulation analysis shows that such a model can roughly reproduce this bimodal distribution with peaks at ∼ 15 and ∼ 320 keV. We argue that future observations of ∼ 15 keV peak for the E p distribution would be evidence supporting this model. Swif t, which covers an energy band of 0.2-150 keV, is expected to provide a key test for our model.
INTRODUCTION
X-ray flashes (XRFs) draw an increasing attention in the recent two years (Heise et al. 2001; Kippen et al. 2003) . They are thought to be a lower energy extension of the known gamma-ray burst (GRB) population, based on the fact that their spectral behaviors are similar to those of GRBs (Kippen et al. 2003; Barraud et al. 2003; Sakamoto et al. 2004; Lamb et al. 2003a, b, c) . The nature of a narrow cluster of the observed E p distribution of BATSE GRBs remains poorly understood, which might be related to the jet structure of GRBs. XRFs broaden the energy coverage of prompt GRB emission, and may bring more signatures of the jet structure of GRBs (Lamb et al. 2003c) .
The jet structure models are currently under a heavy debate. Any model should present a unified description for GRBs and XRFs. Two currently competing models are the structured jet model (Mészáros, Rees & Wijers 1998; Dai & Gou 2001; Rossi, Lazzati, & Rees 2002; Zhang & Mészáros 2002; Kumar and Granot 2003; Panaitescu & Kumar 2003; Wei & Jin 2003 ) and the uniform model (e.g., Rhoads 1999; Frail et al. 2001) . showed that the current GRB/XRF prompt emission/afterglow data can be described by a quasi-Gaussian-like (or similar structure) structured jet with a typical opening angle of about 6 degrees and with a standard jet energy of about 10 51 ergs. However, based on the HETE-2 observations, Lamb et al. (2003b, c) proposed that the uniform jet model reasonably describes the unified scheme of GRBs/XRFs. Very recently, the two-component jet model was advocated by from the observations of GRB 030329 and numerically calculated by Huang et al. (2004 ) . This model suggests that a GRB/XRF jet has two components: a narrow, dense one, and a wide, sparse one. When the light of sight of an observer is within the narrow component, an observed burst is a typical GRB; but it is an XRF when the light of sight is pointing to the wide-component. Simulations of the propagation and eruption of relativistic jets in massive Wolf-Rayet stars show that an erupting jet has a highly relativistic, strongly collimated core and a moderately relativistic, less energetic cocoon. The cocoon expands and becomes visible at larger angles (Zhang, Woosley, & Heger 2004) . This well supports the twocomponent jet model.
A broad spectral energy distribution could constrain the jet structure models. A low peak energy of the νF ν spectrum (E p < 50 keV) and weak gamma-ray fluxes (F < 0.2 ph cm −2 s −1 , 50−300 keV energy range) distinguish XRFs from typical GRBs (Kippen et al. 2003; Mochkovitch et al. 2003) . It is well known that the observed E p distribution of BATSE GRBs is narrowly clustered. Whether or not the observed E p distribution of XRFs exhibits a similar feature? In this Letter, we focus on this issue. We analyze the observed E p distribution with a sample of 37 bursts observed by HETE-2/FREGATE. Combining the observed E p distribution of HETE-2 GRBs/XRFs with that for BATSE GRBs, we find that the observed E p distribution for GRBs/XRFs is a bimodal one peaking at ∼ 25 keV and 320 keV for XRFs and GRBs, respectively. With respect to this result, we suggest that the two-component jet model is a more reasonable candidate model for GRB jets. A simulation analysis confirms this suggestion.
DISTRIBUTION OF E P
There are 37 HETE-2/FREGATE GRBs/XRFs in our sample. They are taken from Barraud et al. (2003) and Lamb et al. (2003c) . The values of E p for 32 events are taken from Barraud et al. (2003) . For GRB 010923, GRB 011216, GRB 021004, and XRF 030723, they are taken from Lamb et al. (2003c) . Please note that the values of E p of GRBs 010923, GRB 011216, and GRB 021004 presented in Barraud et al. (2003) are greatly out of the en-1 ergy band of HETE-2/FREGATE. These values are incorrect. We take the correct results from Lamb et al. (2003c) . For the extremely soft XRF 020903, the E p is just at the low limit of HETE-2/FREGATE (Sakamoto et al. 2004) , we take its value as 15 keV.
We show the E p distribution for these bursts in Figure  1 . It is found that the distribution has three peaks at 25, 160, 400 keV, roughly corresponding to the XRFs, X-rayrich (XRR) GRBs (e.g., Lamb et al. 2003c) , and typical GRBs.
The HETE-2 instrument is suitable for the observations of XRFs and XRR GRBs (e.g., Barraud et al. 2003) . The gap at E p = 300 keV may be misleading -the E p distribution of BATSE GRBs just narrowly clustered at ∼ 320 keV (the dotted line in Figure 1 , taken from Preece et al. 2000) . From Figure 1 , we find that the peaks at 160 keV and 400 keV are likely embedded in the distribution of bright GRBs, and the E p distribution in a range of 100 − 1, 000 keV should be a sole peak. Thus, combining the E p distribution of BATSE GRBs, we suggest that the observed E p distribution of GRBs/XRFs is a bimodal one with peaks at 25 keV and 320 keV.
IMPLICATIONS FOR THE JET STRUCTURE AND UNIFIED MODELS OF GRBS/XRFS
The observed bimodal distribution of E p for GRBs/XRFs might strongly constrain the jet structure models of GRBs/XRFs.
From
, where E iso,52 = E iso /10 52 ergs and E p,100 = E p /100 keV (Amati et al. 2002; Yonetoku et al. 2003; Attiea 2003; Sakamoto et al. 2004; Lamb et al. 2003a, b, c; Liang, Dai &Wu 2004) , and E iso,52 (1 − cos θ j ) = 0.133 × 10 52 ergs, where θ j is the jet opening angle (Frail et al. 2001; Piran et al. 2001; Bloom et al. 2003; , we can derive
In the uniform jet model, one could expect that both XRFs and GRBs should obey Eq. (1). However, this relation can not simply extend to any bursts with E p (1 + z) < 35 keV, being due to θ j < π/2. The redshifts of the two extremely soft XRFs, 020903 and 030723, are less than 1 and 0.251 (Prigozhin et al. 2003) , respectively; but their E p values are less than 20 keV. The two XRFs violate this relationship. In addition, the uniform jet model may not accommodate the observed bimodal distribution of E p .
A quasi-universal Gaussian jet model may also present a unified picture for GRBs/XRFs. Lloyd-Ronning, Dai, & Zhang (2003) found that this model can reproduce the relation of the equivalent-isotropic energy to the viewing angle, and further showed that the current GRB/XRF prompt emission/afterglow data can be described by this model (or similarly structured jet) with a typical opening angle about 6 degrees and with a standard jet energy of about 10 51 ergs. However, the observed bimodal distribution of E p is difficult to be explained by this model.
The observations of GRB 030329 and XRF 030723 (Huang et al. 2004 ) suggest the twocomponent jet model as a unified picture for GRBs/XRFs. With respect to the bimodal E p distribution shown in Figure 1 , we suggest that this model seems to be a more reasonable candidate to present a unified picture for GRBs/XRFs. To investigate whether or not the twocomponent jet model can reproduce the observed bimodal distribution of E p , we make a simple simulation analysis. We describe the energy per solid angle of the twocomponent model with two Gaussian jets,
where θ v is the viewing angle measured from the jet axis, ǫ 0 the maximum value of energy per solid angle, µ the ratio of E iso in the wide component to narrow component, and θ 1 and θ 2 are characteristic angular widthes of the narrow and wide components, respectively. We illustrate this profile in Figure 2 . Since E p ∝ ǫ 0.5 , the observed E p should be given by
Similarly to Lloyd-Ronning, Dai, & Zhang (2003) and , we assume that the two components are quasi-universal, where "quasi" means that the parameters of this model have a dispersion but are not invariable. We perform a simple Monte Carlo simulation analysis with the distributions of these parameters. The probability to observe a GRB/XRF with θ v is proportional to sin θ v . One can expect that this probability should be random. Thus, we assume that sin θ v uniformly distributes in 0 − 1. The observed E p for bright BATSE GRBs is narrowly clustered at 200 − 400 keV (Preece et al. 2000 ) and the measured redshift distribution is around 1. We assume that the differential probability distribution of E p,0 is the same as the observed E p distribution for BATSE GRBs (Preece et al. 2000) but centered at log E p,0 = 2.85 (700 keV), which is given by w(log E p,0 ) = 0.018 e −2×
(log E p,0 −2.85) 2 0.45 2 , where the coefficient 0.018 is a normalized constant. We assume that the redshift distribution is the same as the one of Bloom (2003) , who assumed that the burst rate as a function of redshift is proportional to the star formation rate, and who presented the observed redshift distribution incorporating observational biases (model SF1 from Porciani & Madau 2001 used in this work). We also restrict z ≤ 4.5, because the largest z is 4.5 in our present GRB sample. For θ 1 and µ, we can not reasonably model their distributions with present data. We simply estimate their values. Since the mean value of the jet opening angles of 16 GRBs presented in Bloom et al. (2003) is ∼ 0.15 rad (without considering 8 GRBs whose limits of jet opening angles are presented), we take θ 1 ∼ 0.15. Based on the results shown in Figure 1 , we have µ = E iso,XRF /E iso,GRB ≃ (E p,XRF /E p,GRB ) 2 ≃ 10 −2 . To obtain simulation results which are in an agreement with observations, µ = 10 −1.7 is used in our simulation analysis. For θ 2 , it is the most poorly understood among these parameters. We let it be an adjustable variable with a limit of θ 2 > θ 1 . In our simulation analysis, we take θ 2 = 0.32 (see below).
We simulate a sample of 10 5 GRBs/XRFs. Our simulation analysis procedure is described as follows. To derive a value of parameter x for a given burst (x is one of E p,0 , z, θ v ), we first derive the accumulated probability distributions of these parameters, P (x) = 1 0 w(x)dx (0 < P (x) ≤ 1), where w(x) is the differential probability distribution of x; then generate a random number m (0 < m ≤ 1), and finally obtain the value of x from the inverse function of P (x) = m, i.e., x = P −1 (m). The values of θ 1 and µ are fixed at 0.15 rad and 10 −1.7 , respectively. The value of θ 2 is an adjustable variable with a limit of θ 2 > θ 1 . We find that θ 2 = 0.32 rad can roughly reproduce the E p distribution shown in Figure 2 . We calculate the E p for each simulated GRB/XRF with the above parameters by Eq. (3) . The E p distribution is shown in Figure 3 . We find that the distribution is a bimodal one with peaks at log E p ∼ 1.2 (E p ∼ 15 keV) and log E p ∼ 2.5 (E p ∼ 320 keV) and with a valley at log E p ∼ 1.7 (E p ∼ 50 keV). In Figure 3 , we also superpose the E p distributions for the sample used in this sample (the dotted line) and the bright GRB sample for comparison (the dashed line). It is found that the second peak of the simulated E p distribution is in a good agreement with the E p distribution of a bright GRB sample, and the first peak is roughly consistent with that for XRFs.
In our simulation, we do not consider any instrument threshold. The HETE-2 energy band is 8 keV -1 MeV. The E p distribution of the bursts in our sample has a sharply cutoff at log E p = 1.2 (15 keV), which is close to the lowest end of this range. This cutoff is likely due to the limit of HETE-2. This suggests most of XRFs might be unobservable by HETE-2. We roughly estimate the theoretical ratio of observable GRBs to XRFs for HETE-2 with a limit of E p > 15 keV, and find that this ratio is about 2.6:1. This is in a good agreement with HETE-2/FREGATE observations (26 HETE-2 GRBs and 11 XRFs in the HETE-2/FREGATE sample).
CONCLUSIONS AND DISCUSSION
We have studied the observed E p distribution for 37 HETE-2/FREGATE bursts, and discuss its implications for the jet structure models. Combining the observed E p distribution of HETE-2 GRBs/XRFs with that for BATSE GRBs, we suggest that the observed E p distribution for GRBs/XRFs is a bimodal one peaking at ∼ 25 keV and 320 keV for XRFs and GRBs, respectively. We propose that the two-component jet model can interpret this property. A simple simulation analysis shows that this model can roughly reproduce the bimodal distribution with peaks at ∼ 15 keV and ∼ 320 keV.
Numerical simulations of jet propagation within the context of the collapsar model by Zhang, Woosley, & Heger (2004) show evidence for a two-component jet, and the energy ratio of the narrow to wide component is about an order. From our simulation results, we derive this ratio is ∼ (
. This seems to be consistent with Zhang, Woosley, & Heger (2004) . The peak of ∼ 15 keV in the simulated E p distribution is key evidence for the two component model. The sensitivity of HETE-2/FREGATE instrument is 3 × 10 −8 erg cm −2 s −1 in the range 8 keV -1 MeV (http://space.mit.edu/HETE/fregate.html). This peak is just at the lowest end of the energy band of HETE-2/FREGATE. Fortunately, HETE-2 provides a weak clue of this peak. A more sensitive instrument than HETE-2 with an energy band in 1 − 50 keV is required to further confirm it. Swift, which covers an energy band of 0.2-150 keV (http://swift. gsfc.nasa.gov/science/instruments/. We mark this region in Figure 5 with slanted lines) is expected to provide a key test for it. Preece et al. (2000) , respectively. The slanted-line region is the energy band of Swift.
